Background Little information exists concerning the variability of presentation and differences in treatment methods for developmental dysplasia of the hip (DDH) in children \ 18 months. The inherent advantages of prospective multicenter studies are well documented, but data from different centers may differ in terms of important variables such as patient demographics, diagnoses, and treatment or management decisions. The purpose of this study was to determine whether there is a difference in baseline data among the nine centers in five countries affiliated with the International Hip Dysplasia Institute to establish the need to consider the center as a key variable in multicenter studies. Questions/purposes (1) How do patient demographics differ across participating centers at presentation? (2) How do patient diagnoses (severity and laterality) differ across centers? (3) How do initial treatment approaches differ across participating centers? Methods A multicenter prospective hip dysplasia study database was analyzed from 2010 to April 2015. Patients younger than 6 months of age at diagnosis were included if at least one hip was completely dislocated, whereas patients between 6 and 18 months of age at diagnosis were included with any form of DDH. Participating centers (academic, urban, tertiary care hospitals) span five countries across three continents. Baseline data (patient demographics, diagnosis, swaddling history, baseline International Hip Dysplasia Institute classification, and initial treatment) were compared among all nine centers. A total of 496 patients were enrolled with site enrolment ranging from 10 to 117. The proportion of eligible patients who were enrolled and followed at the nine participating centers was 98%. Patient enrollment rates were similar across all sites, and data collection/completeness for relevant variables at initial presentation was comparable. 
Introduction
Developmental dysplasia of the hip (DDH) is a spectrum of hip abnormalities that range from mild dysplasia in a reduced hip to severe dysplasia in a frankly dislocated hip [4] . DDH is the most common hip disorder in the pediatric population, with 1% to 3% of all newborns being diagnosed at birth [13, 26] . However, the true incidence of DDH is difficult to quantify as a result of important variations in diagnostic criteria and ethnic and cultural differences [22, 23] . The standard diagnosis procedure remains clinical examination of all newborns; however, not all patients can be diagnosed by this method. A delay in detection can lead to the need for more complex treatments later in life; consequently, the importance of diagnosing and treating DDH in early infancy is recognized globally.
Once diagnosed, there is also much controversy surrounding treatment approaches. Splintage is typically an effective treatment for infants with DDH, but there are variations in splint/brace type, indications for treatment, and duration of treatment as well as complications associated with different brace types [26] . In fact, the recent release of new DDH clinical practice guidelines highlighted the lack of evidence to support or refute a given diagnostic or treatment approach [1] ; consequently, there is no standardized practice for DDH diagnosis and management.
Multicenter studies can be a valuable tool to capture the breadth of presentations of a given condition or disease. The inherent advantages of prospective, multicenter studies are well documented; however, data from different centers can differ in terms of important variables such as patient demographics, diagnoses, and treatment or management decisions, potentially introducing bias or compromising the validity of the results. This is commonly dealt with by controlling for center-specific confounders such that the effect does not impact the overall analysis. However, this variability across centers can also be vitally important to provide a complete picture of the scope of diagnoses, risk factors, and treatment options present for a particular condition or disease, and the study center may indeed represent a key predictive variable for treatment outcomes. Instead of controlling for center variability by eliminating its effects, we argue that instead, the center should be considered as a predictive variable in regression analysis of outcomes.
The International Hip Dysplasia Institute (IHDI) began a prospective, multicenter, observational cohort study of children younger than 18 months old with DDH. This study aims to assess center variation at patient presentation to establish a baseline from which future comparative treatment and outcome studies can be developed and to demonstrate the need to include the center as a predictive variable.
We therefore asked: (1) How do patient demographics differ across participating centers at presentation? (2) How do patient diagnoses (severity and laterality) differ across centers? (3) How do initial treatment approaches differ across participating centers?
Patients and Methods

Study Design
Data provided by a multicenter prospective hip dysplasia study database were analyzed from 2010 to April 2015. Study data were collected and managed using REDCap electronic data capture tools (Vanderbilt University, Nashville, TN, USA). Baseline data, including patient demographics, diagnosis (dislocated or dysplastic, dislocation type), radiographic IHDI classification [16] , and initial treatment, were compared across all nine centers. These nine participating centers represent five different countries on three different continents. All centers are tertiary care hospitals located in major cities.
Inclusion and Exclusion Criteria
Children younger than 6 months of age at baseline were included in the analysis if they had at least one frankly dislocated hip, whereas children between 6 and 18 months of age at baseline were included if they had at least one hip with some form of dysplasia. Only initial presentations of DDH were included, and all diagnoses were required to be confirmed by ultrasonographic or radiographic imaging before brace or surgical treatment. Joint laxity (reducible or irreducible) was required to be reported for dislocated hips to assign patients to one of the five major diagnostic categories: \ 6 months of age at diagnosis with dislocated reducible hip(s), \ 6 months of age with dislocated irreducible hip(s), 6 to 18 months of age with dislocated reducible hip(s), 6 to 18 months of age with dislocated irreducible hip(s), and 6 to 18 months of age with dysplastic hip(s). Most centers focused on the recruitment of patients in diagnosis categories one to four; thus, the distribution of patients in group five is widely variable across centers and is treated separately here.
Patients with known or suspected neuromuscular, collagen, chromosomal, or lower extremity congenital anomalies or patients \ 6 months of age at baseline who did not have a frankly dislocated hip (that is, a subluxated or dysplastic hip) were excluded from the study. Clinical diagnoses of dislocation or dysplasia without radiographic confirmation and patients who had previously received treatment with orthosis or surgery were also excluded.
Study Population
In total, 496 patients were included in analysis with site enrollment ranging from 10 (the Philadelphia site) to 117 (the UK site). Of these patients, 66% (328 of 496) were\6 months old at baseline (younger group, median age 1 month [0-6 months]), and 34% (168 of 496) were 6 to 18 months old (older group, median age 9 months [6-18 months]); 83% (410 of 496) of all patients were female. Ultrasound imaging confirmed diagnosis in 317 of 496 patients (313 in the younger group, four in the older group), whereas radiography confirmed diagnosis in 179 patients (15 in the younger group, 164 in the older group).
Variables, Outcomes, and Measures Assessed
Variables studied included basic patient demographics such as age at presentation, sex and fetal presentation, diagnosis (dislocated and reducible or irreducible or dysplastic/dislocatable), laterality, history of swaddling, dislocation severity by radiographic analysis, and initial treatment. Initial diagnosis was made by clinical assessment followed by ultrasound or radiographic imaging analysis. Less than 35% coverage of the femoral head on ultrasound was considered a dislocation. Severity of dislocation on radiography was assessed using the IHDI classification system [16] . The IHDI classification system uses the midpoint of the proximal femoral metaphysis as a reference landmark to describe the femoral head position in relation to the acetabulum. An IHDI Grade 1 represents a reduced hip, Grade 2 represents a subluxed and/or dysplastic hip, whereas Grades 3 and 4 represent dislocated hips. This classification system has been found to have excellent interrater reliability with intraclass correlation coefficients of 0.90 and 0.95 for right and left hips, respectively [16] .
On diagnosis, patients were treated in accordance with the individual surgeon/center standard of care and decision-making process. Treatments included observation, orthosis application, and serial monitoring or surgery (closed or open reduction).
Data Completeness
For included, eligible patients, there was a high level of data completeness across all centers for each analyzed endpoint. Of the 496 included patients, there was 100% reporting of age, sex, dislocation type, and initial treatment approach. There was 97% reporting of fetal presentation (479 of 496) and 96% reporting of family history (477 of 496). With recruitment rates ranging from 95% to 100% across all centers and high rates of data completion for the evaluated endpoints, center-to-center differences should not be impacted by patient capture or completion bias.
Statistical Analysis
Basic descriptive statistics were performed on all baseline data. Chi-square tests were performed to determine differences between centers for important demographic, diagnostic, and treatment variables. All statistics were calculated with a minimum statistical significance of p \ 0.05.
Results
Patient Demographics
Single-center female-to-male patient ratios were consistent with the total study population, comprised of 83% female patients (410 of 496) and 17% male patients (86 of 496; Table 1 ). Breech presentation occurred more often in younger (\ 6 months) patients than in older (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) 
Diagnosis (severity and laterality)
Patient numbers ranged from 34 (7% of total enrolled) in the 6-to 18-month dislocated reducible to 253 (53% of total enrolled) in the\6-month dislocated reducible group. Additionally, 14 patients had one reducible and one irreducible dislocated hip (Table 2 ).
In the younger group, 77% (253 of 328) of patients had a unilateral or bilateral reducible dislocation, whereas 19% (62 of 328) had a unilateral or bilateral irreducible dislocation and 4% (13 of 328) had bilateral dislocations, one reducible and one irreducible. In older patients, diagnoses were varied across centers (p\0.001). In total, 20% (34 of 168) were dislocated reducible, 35% (58 of 168) dislocated irreducible, and 45% (75 of 168) dysplastic. However, the majority of dysplastic patients were contributed by one center; thus, that group is consequently considered separately than the 6-to 18-month dislocated patients. Overall, the Australia and Boston sites had more irreducible hips in comparison to the other sites (47% [30 of 64] and 44% [20 of 45] versus 29% [120 of 496]; ORs, 2.1 and 1.9; 95% CIs, 1.2-3.6 and 1.1-3.4; p = 0.02 and 0.015, respectively). Across all centers and both age groups, the left hip was more commonly dislocated with 223 of 496 patients classified with a unilateral left dislocation (53%; Table 2 ). Unilateral right dislocations and bilateral cases were comparable in number with 106 and 92 patients, respectively (Table 2) . However, older patients were less likely than younger patients to present with a bilateral dislocation (8% [seven of 93] versus 26% [85 of 328]; OR, 0.2; 95% CI, 0.1-0.5; p \ 0.001). Dislocated hip laterality was relatively consistent across centers with the exception of the Orlando and Australia sites. These centers had more and fewer patients with bilateral DDH, respectively (22% [11 of 25] and 6% [four of 62]; ORs, 2.8 and 0.2; 95% CIs, 1.2-6.4 and 0.1-0.7; p \ 0.001). There were 75 patients enrolled in the 6-to 18-month dysplastic category (no dislocation). Of these patients, 9% (seven of 75) were unilateral left, 5% (four of 75) were unilateral right, and 85% (64 of 75) were bilateral.
The IHDI classification was used to determine the severity of the dislocation in patients diagnosed by radiograph. In total, 35 right and 53 left dislocated hips were graded on enrollment into the study. Across all centers, Grade 3 was the most common classification, accounting for 58% (51 of 88) of all graded dislocated hips. This 
Discussion
There is general agreement that pediatric orthopaedics needs more prospective study groups and clinical trials [11, 19] . The Harms Study Group (HSG), Research on Osteochondritis Dessicans of the Knee (ROCK), and International Perthes Study Group (IPSG) present valuable examples within the pediatric orthopaedic field of the power of study groups to produce prospective data [18] . Multicenter studies often control for center-to-center differences by treating these differences as confounding variables. It is not common, however, for large, prospective studies to include the center as a variable in multivariate/ regression analyses; for example, the Bracing in Adolescent Idiopathic Scoliosis Trial (BrAIST) [28] , among others [5, 21, 25, 30] . In DDH specifically, the recent American Academy of Orthopaedic Surgeons clinical practice guidelines highlighted the lack of evidence to support specific diagnostic or treatment approaches in DDH, which has resulted in wide variation in clinical care both within and between centers [1] . To our knowledge, this international, multicenter prospective observational study is the first of its scope established with the goal of assessing various forms of treatment and outcomes in DDH. We found there is substantial variability across centers in terms of patient demographics, including fetal presentation and family history, as well as patient diagnoses, including both severity of the condition and laterality. Additionally, there were marked differences across centers in terms of the initial treatment approach. There are several limitations to this study. First, the physical examination for DDH diagnosis can be subjective and prone to interpretation by the individual observer. A requirement for either ultrasound or radiographic confirmation of diagnosis in this study helps to reduce this subjectivity; however, ultrasound can also be subjective. Second, although the recruitment rate is approximately 90% to 95% across all centers, there are no data for patients who were not recruited into the study. However, the high recruitment rate should negate any substantial effect on population demographics present in the study. Third, not all data fields established at the study outset have complete information, therefore precluding these fields from analysis. For example, there was poor reporting of developmental milestones, height, and weight but relatively good reporting of family history and fetal presentation. Variables with poor reporting or discrepant data were not used in our analysis, eliminating the impact of this missing data. Fourth, ultrasound remains a largely subjective diagnostic procedure for hip dislocations [2] . However, some of that subjectivity was countered by the use of percent coverage of the femoral head as a guide for diagnosis. Finally, environment is a confounding factor. Hip dysplasia at the Mexico site may not necessarily have the same pathology as hip dysplasia at the UK site for example, making it an important variable to consider in multicenter studies.
We found differences between centers in key patient demographics such as age, fetal presentation, and a reported family history of DDH. This demonstrates the importance of having multiple contributing sites to capture a diverse range of patients. With specific sites such as the Australia and Boston centers tending to have an older patient population, patients 6 to 18 months old at diagnosis comprise 34% (168 of 496) of patients in this study. This is a much higher proportion of late-presenting patients than most studies [3, 17, 24] . These differences most likely arose as a result of individual center referral patterns with the nature of each center's geography to birthing hospitals potentially influencing the patient demographics. Regardless, these differences will allow for a more comprehensive comparison of younger and older patients with DDH than is currently available. Breech presentation at birth, a positive family history, and a history of clinical instability all have been described as risk factors warranting selective screening [1, 4, 6, 20, 27] . However, the extent of association of these risk factors is not well understood or well characterized. We have observed that breech presentation is more likely in the younger patients, which is consistent with previous findings [24] . Consequently, the differences between centers in terms of both fetal presentation and 
6-18 months dislocated Orthosis 3 (9) 3 (23) 5 (100) (100) 22 (88) 8 (80) 108 (96) 44 (77) 96 (82) 10 (71) 365 (80) Preoperative observation 31 (46) 10 (21) 0 (0) 3 (12) 1 (10) 3 (3) 4 (7) 17 (15) 4 (29) 73 (15) Surgery 12 (18) 1 (2) 0 (0) 0 (0) 1 (10) 1 (1) 9 (16) 4 (3) 0 (0) 28 (5) family history may prove valuable in further characterizing these risk factors. The distribution of diagnoses across centers was relatively consistent in the younger group and distinctly different from the older group. Patients in the younger group most likely presented with a reducible dislocation, whereas patients in the older group most likely presented with an irreducible dislocation. This increased diagnosis of irreducible dislocations in older patients has not previously been reported to our knowledge, because most studies comparing early-versus late-presenting DDH do not report on the reducibility of the dislocation [3, 17, 24] . Consistent with this finding, however, was that the two centers with predominantly older patients, the Australia and Boston sites, both also had substantially more patients diagnosed with an irreducible dislocation than other centers. This may indicate that these sites receive more referrals of severe cases than other sites in the study. Consequently, the treatment algorithm from screening through diagnosis and management may be distinct from other centers and provide an opportunity to compare whole treatment processes as opposed to individual factors. There are few large, multicenter trials that have prospectively collected data on patients with DDH [8, 10, 12] . When we examined laterality, the left hip was more commonly affected, consistent with the literature in the field. However, in contrast with existing literature, we saw more unilateral right than bilateral cases [9] , and this observation was surprisingly even more apparent, specifically in the older group. This contrasts with a study by Haasbeek et al. [14] , who found that bilaterality was more common in older patients. Taken together, the variability in patient populations across centers in this study provides a comprehensive perspective of the total spectrum of DDH that has not previously been achieved.
Finally, the initial treatment method revealed apparent center-dependent tendencies for splint use and a substantial difference between the younger and older groups regarding surgical management. Consistent with existing literature, the Pavlik harness was overwhelmingly the favored orthosis across all nonoperative patients [7] ; however, each center had a distinct second choice of orthosis. Some studies of limited strength have attempted to examine the efficacy of rigid and soft splint use; however, the results are contradictory and the effect sizes small [15, 29] . This natural variation in practice patterns across contributing study centers may allow for a more rigorous comparison of different treatments for patients with similar diagnoses.
This study demonstrated that there were variations of presentation and treatment across centers, which provided the necessary diversity to capture the complex spectrum of DDH. There were contrasts in key areas involving known or suspected risk factors such as fetal presentation and family history, which may indicate or impact screening and diagnosis processes at contributing clinics. For DDH in particular, tremendous variability exists spanning screening and diagnostic practices through treatment management decisions and outcomes. Previous attempts to identify robust or dominant risk factors, screening techniques, and treatment choices have yielded little strong evidence to either support or refute the association of a risk factor or the efficacy of a given clinical decision [1] . Given this lack of evidence, the single strongest predictor of treatment success or failure may be when considering the center as a variable in regression/multivariate analysis. Rather than controlling for center effects as confounders, we may be able to use successful outcomes at a specific center to identify a sequence of factors that contribute to this outcome with more robustness than when considered separately. This study demonstrates that even given large numbers of cases, a single center may not be able to capture the diversity of the DDH spectrum and accompanying treatment choices. Consequently, future studies should consider the center as an important predictor variable in the identification of best practices to institute a standardized diagnostic and management procedure for DDH.
